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随着白光 LED 相关技术的成熟和快速发展，白光 LED 在照明领域的应用越
来越广泛。当前主流的白光 LED 是蓝光 LED 激发发黄光的 YAG 荧光粉。这种
类型的白光 LED 不仅光效较高，稳定性好，而且成本也相对低。因此，这种类
型的白光 LED 出现在诸多领域，比如路灯、隧道灯、家居照明、手电筒、汽车

































































As follows the rapid development of the white LED technology, the white LED 
has been applied more and more widely in the field of the general lighting. The 
current mainstream white LED is consisted of the blue LED chip and the yellow YAG 
phosphor. This type of white LED not only exhibits high light efficiency and good 
stability, but its cost is also relatively low. Therefore, this type of white LED has been 
applied in many fields, such as street lights, tunnel lights, home lights, flashlights, and 
automobile lamps, etc. There exists various packaging forms for white LEDs, and 
their purposes are to maximize the light output, to meet special applications, and to 
make the color distribution uniform. At present, along with people’s psychological 
and physiological demands in the white light illumination, the white LED light 
distribution uniformity has become the focus of people which they pay more attention 
to, and has become one of aspects that many researchers are interested in. In this 
paper, in view of current commercial forms of white LEDs with different color 
temperatures and encapsulating forms, research on photometric and colorimetric 
parametric analyses of the spatial distribution at (1) the fixed current, (2) various 
currents, and (3) various temperatures are performed. These analyses has shown 
important guiding significance to the relevant research. Main contents are shown as 
follows: 
    (1) Under the fixed current, we experimentally investigate the optical and 
chromatic spatial distribution of cold-white LEDs with semi-sphere shape (#1), 
warm-white LEDs with semi-sphere shape (#2), and cold-white LEDs with 
peanut-shell shape (#3) in detail. Results show that curves of optical and chromatic 
spatial distribution for white LEDs with semi-sphere shape exhibit a peak value in the 
center direction. This is because of that more lights emit from the center than those 
from two sides. Assuming that the spatial distribution of phosphor particles is uniform, 
the quantum efficiency of phosphor at various angles are almost the same. Then, the 
ratio of leakage blue light is higher in the center than that at two sides. Therefore, the 















uniformity for #2 is better than #1 due to the high ratio of yellow components in the 
total white light. In comparison of #1 and #3, the spatial uniformity for #3 is better 
than #1 owing to the re-distribution of lights by using peanut-shell shaped lens. 
    (2) Under various currents, we have studied the optical and chromatic spatial 
distribution of #1, #2, and #3, respectively. Results show that curves of light spatial 
distribution increase along with the current, but their shapes remain unchanged. 
Analyses of chromatic spatial distribution depict that more variations of color 
temperatures occur in the center for cold-white LEDs. This is because of that more 
blue components exist in cold-white LEDs than those in warm-white LEDs, leading to 
more fluctuations of color temperatures with currents for cold-white LEDs. 
(3) Under various temperatures, we experimentally investigate the optical and 
chromatic spatial distribution of #1, #2, and #3. Results show that for three types of 
white LEDs, as the temperature increases, relative light intensities of various angles 
decreases. This is because of the increase of non-radiative recombination of chip and 
the decrease of phosphor-conversion efficiency with the increasing temperature. 
However, curves of the optical spatial distribution remain unchanged. As the 
temperature increases, the chromatic spatial distribution slightly changes. 
The investigation of the optical and chromatic spatial distributions offer 
significant reference for the application of white LEDs in the field which requires 
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料的发光现象。20 世纪 30 年代左右，人们又发现了黄磷发光的现象。但是由于
碳化硅和黄磷发光都比较弱，所以当时并没有被引起较多的重视。20 世纪 60 年
代，美国通用电气公司联合其它公司的联合实验室用 GaAsP 制作了红光 LED。
但是，这种红光 LED 的光效非常之低，只有不到 0.1 lm/W。到了快 70 年代，经
过几年的技术上的更新替代，红光 LED 的光效能够达到 1 lm/W。20 世纪 80 年
代末 90 年代初，人们可以用金属有机物化学气相沉积技术（MOCVD）生长的
四元 AlGaInP 材料制作了黄、绿和红光 LED 产品。1994 年日本日亚化学的
















85 的白光 LED。从此，LED 的白光照明应用进入了一个实质性的阶段。白光 LED
的发展遵循 Haitz 定律，其发光效率正以每年 10~20 lm/W 的速度进行提升。2006
年美国 Cree 公司推出了 131 lm/W 的白光 LED 产品。2009 年，日亚化工推出了
发光效率 249 lm/W 的白光 LED。2010 年，Philips Lumileds 研发的白光 LED 的
光效为 208 lm/W。2012 年，美国 Cree 推出 254 lm/W 光效的白光 LED。2014








效果做得更好，白光 LED 产品将飞入千家万户当中。 
 






的结合后的发光。当富含电子的 N 型材料与富含空穴的 P 型材料接触在一块，
电子会从浓度大的 N 区扩散到 P 区；同样，空穴也会从浓度大的 P 区扩散到 N



















压时，P 型的空穴和 N 型的电子会继续向对方移动。而 N 型电子的电子迁移率













状谱。光谱的峰值波长（ pλ ）是由禁带宽度（ gE ）决定的，即可写成 gp E/1240=λ 。 
通常，白光是含有红、橙、黄、绿、青、蓝、和紫等各种颜色组合的光。对
于 LED 构成的白光实现方式，目前概括起来主要有以下几种[6]。第一种是多个
不同芯片 LED 发出不同颜色的光组合而成白光。目前我们经常所说的 RGB 白光





光粉构成的白光。比如当前 普遍的蓝光芯片激发 YAG 荧光粉发光就是属于这
一种类型。这种类型的白光存在荧光粉转换的斯托克斯（Stokes）能量损失问题。
YAG 荧光粉能够发射出绿色到红色的光，但主要是发黄光。当我们选用不同波



















250 nm 左右，与之相匹配的三基色荧光粉不能直接应用到白光 LED 中，需要重
新寻找比较合适的三基色荧光粉。另外，紫外光有可能从 LED 光源中泄露出来，
对人体有害，比如眼睛和皮肤，因此这种白光 LED 的应用前景不是很高。第三






单。RGB 白光 LED 完全依赖于芯片，而紫外芯片结合荧光粉的方式则完全依赖
于荧光粉。这是一种比较折中的方式。蓝光加 YAG 荧光粉制作的白光 LED 只有
两种光色，在 630 nm 以后的红光很少，因此显色指数通常比较低。一般，会在
这种白光 LED 上增加红光成份，来提高显色指数。 
 
1.3 LED 的封装技术 





SMT 和 COB 的封装形式比较常见。SMT 的封装形式主要比较适合于单芯片
















图 1.1 （a）SMT 和（b）COB 封装的 LED 结构图[7] 
 
图 1.2 几种不同的 LED 的封装结构[7]。（a）引脚式封装；（b）SMT 封装；（c）
COB 封装; （d）SiP 封装 
目前普遍存在的白光LED的类型是蓝光LED上涂覆了一定配比黄色荧光粉
层（硅胶和荧光粉按一定比例的混合体）。这种类型的白光 LED 为简单，而且
相关研究颇为广泛。随着蓝光 LED 的效率逐步提升，这种白光 LED 已经能在一
定应用场合内广泛地取代荧光灯，并主要用于家居照明。这种类型的白光 LED
























1.4 LED 的配光和光强角分布测试 
    我们通常称 LED 的发光强度的空间分布为“配光曲线”[9]。LED 的光强角
分布是照明应用中一个相当重要的指标。通常，我们习惯用极坐标来表示配光曲
线。由于 LED 的指向性比较强，所以与传统的白炽灯、荧光灯等照明灯具不同
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